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IN their interesting contribution, Wang et al. (1) described
an automated system for the diagnosis of follicular thyroid
lesions, which was based on the analysis of nuclear texture fea-
tures in histologic slides. According to the authors, the method
was able to classify with 100% accuracy between normal thyroid
tissue, follicular adenomas, and follicular carcinomas. However,
the system had been trained with digitalized images of only few
neoplasias, ﬁve follicular adenomas (mean lesion size of 4.8
cm), and ﬁve follicular carcinomas (a mean lesion size of 2.8
cm) as well as with images of nontumoral tissue.
Recently, it had been demonstrated that in follicular ade-
nomas the chromatin texture was size dependent, when ana-
lyzing digitalized, gray-value transformed images of nuclei in
routinely hematoxylin-eosin (HE)-stained parafﬁn sections. In
nuclei of larger adenomas, the entropy values, the fractal dimen-
sion, and the diagonal moment were signiﬁcantly increased,
whereas the values of the second angular moment and local ho-
mogeneity were decreased, when compared with the nuclei of
smaller adenomas (2). Therefore, we would like to ask whether
the considerable size differences between follicular adenomas
and carcinomas in the study of Wang et al. (1) might have con-
tributed to the extraordinary classiﬁcation success claimed by
the authors. To test our hypothesis, we made the following
simulation study based on adenomas and carcinomas from pre-
vious studies on thyroid neoplasias in our laboratory (2,3,4).
From each tumor, digitalized images of 100 randomly
selected nuclei had been captured in bitmap format from rou-
tinely HE-stained 5-lm thick histologic sections (2,3). The
nuclei were interactively segmented and then converted to an
eight-bit gray scale by calculating the luminance. The material
comprised 18 follicular adenomas and 24 microinvasive follic-
ular carcinomas. The ﬁnal diagnosis had always been done by
a meticulous examination of serial step sections.
From this collection, we choose a combination of eight
folicular carcinomas, so that their mean diameter of 2.78 cm
had approximated well with that of the carcinomas from the
study of Wang and coworkers (2.8 cm) (1). Then we selected
with the help of random numbers, 100 sets of eight follicular
adenomas each. The mean lesion size of these random sets
varied between 1.98 and 5.21 cm.
If our previously mentioned hypothesis was correct, then
the ability to discriminate between nuclei of adenomas and carci-
nomas should vary with changing diameters of the adenoma
cases. We calculated nuclear texture features using variables of
the gray-level co-occurrence matrix (second angular moment,
entropy, energy, peak prominence, standard deviation, cluster
shade, and cluster prominence) as well as Shannon’s entropy of
the gray level histogram and the fractal dimension according to
Sarkar. All these variables had shown to be useful for texture
analysis in previous studies (1,4–10). In a further step, we created
100 pairs composed of (a) always the aforementioned group of
eight carcinomas with a mean diameter of 2.78 cm and (b) one
of the 100 randomly choosen adenoma sets with, of course, vary-
ing mean lesion size (see Supporting Information). For each
pair, we compared the nine texture features with the help of the
t-test (P < 0.05 for signiﬁcant differences) and recorded, for each
comparison, the percentage of statistically signiﬁcant texture fea-
tures by plotting these data versus the mean diameter of the ade-
noma set in a diagram (Fig. 1).
As we can easily notice, in very large adenomas nearly all
nuclear texture features were signiﬁcantly different from those
of the carcinoma group. But these differences were rapidly van-
ishing, when we compared the carcinomas with smaller adeno-
mas. With a mean adenoma lesion size of 4.8 cm, as in the
study under discussion (1), approximately 80% of the texture
parameters showed signiﬁcant differences. However, when the
mean diameters of adenomas and carcinomas were very similar
(2.8 cm), this number had dropped below 20%. There was a
highly signiﬁcant direct correlation (Spearman’s correlation
coefﬁcient r 5 0.72; P < 0.0001) between the mean lesion size
of the adenoma cases and the percentage of signiﬁcant different
texture features between adenomas and carcinomas.
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results reported in the study of Wang et al. (1) might
largely be based on this effect and would have been worse,
if smaller adenomas had been included in the investigation.
Therefore, the data presented in the study of Wang et al.
(1) are not able to test the quality of the program. To get
a realistic view of the diagnostic power of the proposed
automated system, the authors should repeat the evaluation
with a considerably larger data set, after increasing the
Figure 1. Box and Whiskers diagram showing relationship
between mean lesion diameter of the adenoma group and the
number of nuclear texture features separating significantly ade-
nomas and carcinomas. Nine texture variables had been tested in
each case. The number of those revealing significant differences
in a t-test (P < 0.05) was plotted on the y-axis. With increasing size
of the adenomas the chromatin architecture of adenomas is more
different to that of carcinomas (Spearman’s rank correlation
coefficient r 5 0.72; P < 0.0001).
number of adenomas and carcinomas, both comprising a
large spectrum of tumor diameters.
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